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(54) METHOD AND APPARATUS FOR CONTROLLING LASER PULSE AND METHOD AND 
APPARATUS FOR GENERATING X-RAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an X-ray 
generator having a mechanism of regulating pulse lasers 
so as to selectively control the intensity of X-rays, more 
particularly the intensity of the X-rays of a required 
specific wavelength with an apparatus for generating the 
X-rays by irradiating a target with the ultra-short light 
pulse lasers, etc. 

SOLUTION: The generation of the X-rays of the specific 
wavelength is controlled by measuring the intensity 
characteristics of the X-rays generated by an X-ray 
spectroscope 1 0, feeding the result of the measurement 
back to a wave front phase regulating mechanism 3, 
regulating the wave front state of the laser beam and 
generating the space intensity distribution patterns of 



mm/- m 




the laser beam in the position where the laser beam is 
condensed to the target 7 and control parameters are 
adjusted in such a manner that the intensity of the X— 
rays is optimized in accordance with the measurement 
result of the X-ray intensity characteristics. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an X-ray generator 
having a mechanism of regulating pulse lasers so as to 
selectively control the intensity of X-rays, more particularly the 
intensity of the X-rays of a required specific wavelength with 
an apparatus for generating the X-rays by irradiating a target 
with the ultra-short light pulse lasers, etc. 
SOLUTION: The generation of the X-rays of the specific 
wavelength is controlled by measuring the intensity 
characteristics of the X-rays generated by an X-ray 
spectroscope 10, feeding the result of the measurement back 
to a wave front phase regulating mechanism 3, regulating the 
wave front state of the laser beam and generating the space 
intensity distribution patterns of the laser beam in the position 
where the laser beam is condensed to the target 7 and control 
parameters are adjusted in such a manner that the intensity of 
the X-rays is optimized in accordance with the measurement 
result of the X-ray intensity characteristics. 
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[Claim(s)] 

[Claim 1] In the laser pulse generating approach of emitting the laser beam which divided the ultrashort 
light pulse laser beam which carries out incidence, was run the respectively different optical path, 
compounded again, and was obtained While adjusting a good deformation mirror so that space intensity 
distribution may become a predetermined pattern for every pulse laser according to the shape of this 
adjustable mirror surface type in preparation for the inside of the optical path of one side or both The laser 
pulse-control approach characterized by adjusting the optical path length in said optical path, and giving 
time difference to a precedence pulse laser and a consecutiveness pulse laser. 

[Claim 2] The laser pulse-control approach according to claim 1 characterized by furthermore performing 
chirp pulse magnification to said incidence ultrashort light pulse laser beam. 

[Claim 3] It is the laser pulse-control approach according to claim 1 or 2 characterized by performing 
division and composition of said incidence ultrashort light pulse laser beam by the polarization beam 
splitter, respectively. 

[Claim 4] The laser pulse-control approach according to claim 3 characterized for controlling the optical 
reinforcement of said radiation laser beam by adjusting the polarization property of said incidence ultrashort 
light pulse laser beam by things. 

[Claim 5] The X-ray generating approach characterized by irradiating on the surface of a target and 
generating an X-ray while adjusting so that the space intensity distribution of this laser beam in the location 
which condensed further said laser beam obtained by one approach of claims 1-3, and condensed at the 
target may become a predetermined pattern. 

[Claim 6] The X-ray generating approach characterized by to adjust the wave-front condition of this laser 
beam so that X-ray intensity may become proper based on the measurement result of said X-ray-intensity 
property while using the space intensity distribution of this laser beam in the location which measured the 
strength property of the X-ray to generate in the X-ray generating approach of irradiating a laser beam at a 
target and generating an X-ray, adjusted the wave-front condition of a laser beam, and condensed at said 
target as a predetermined pattern. 

[Claim 7] The X-ray generating approach according to claim 5 or 6 characterized by carrying out the 
monitor of the wave-front condition of the laser beam in transmission optical system furthermore, and 
enabling it to check the space intensity-distribution adjustment situation of said laser beam. 
[Claim 8] The strength property of said X-ray to measure is the X-ray generating approach given in either of 
claims 5-7 characterized by amending said wave-front condition based on the measurement value of the X- 
ray intensity in specific wavelength including a wavelength property. 

[Claim 9] The X-ray generating approach given in either of claims 5-8 characterized by using ultrashort 
light pulse laser for said laser beam. 

[Claim 10] The X-ray generating approach given in either of claims 5-9 characterized by a periphery being a 
strong ring form with a weak space intensity-distribution pattern [ of the laser beam in the location which 
condensed at said target ] core. 

[Claim 1 1 ] The X-ray generating approach according to claim 1 0 characterized by controlling the wave- 
front condition of a laser beam based on the intensity ratio of the periphery in a ring [ with said weak core ] 
form with a strong periphery, and a core. 

[Claim 12] In the X-ray generator which irradiates a laser beam at a target and is made to generate an X-ray 
Arrange the X-ray measuring device which measures the reinforcement of the X-ray to generate, and the 
wave-front control unit of a laser beam is made to infix into laser beam transmission optical system. 
Measure the reinforcement of an X-ray with said X-ray measuring device, and said wave-front control 
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device amends the wave-front condition of a laser beam based on this measurement result. The X-ray 
generator characterized by adjusting so that the space intensity distribution of the laser beam in the location 
which condensed at said target may become a predetermined pattern and X-ray intensity may become 
proper. 

[Claim 13] Furthermore, the X-ray generator according to claim 12 characterized by arranging the wave- 
front measuring device which measures the wave-front condition of a laser beam into laser beam 
transmission optical system, carrying out the monitor of the wave-front condition of this laser beam, and 
rationalizing the laser beam wave-front adjustment approach of said wave-front control device. 
[Claim 14] The X-ray generator according to claim 12 or 13 characterized by said laser beam being 
ultrashort light pulse laser. 

[Claim 15] Said X-ray measuring device is an X-ray generator given in either of claims 12-14 characterized 
by being able to measure a wavelength property and adjusting said wave-front control unit based on the 
laser reinforcement in specific wavelength. 

[Claim 1 6] Said wave-front control device is an X-ray generator given in either of claims 12-15 
characterized by having a good deformation mirror, adjusting the irregularity of a reflector locally, and 
controlling the wave-front condition of a laser beam. 

[Claim 17] Said wave-front control device is an X-ray generator given in either of claims 12-15 
characterized by controlling the wave-front condition of a laser beam using the transparency mold optical 
element which can adjust a refractive index locally. 

[Claim 18] An X-ray generator given in either of claims 12-17 characterized by a periphery being a strong 
ring form with a weak space intensity-distribution pattern [ of the laser beam in the location which 
condensed at said target ] core. 

[Claim 1 9] The X-ray generator according to claim 1 8 characterized by controlling said wave-front control 
unit based on the intensity ratio of the periphery in a ring [ with said weak core ] form with a strong 
periphery, and a core. 

[Claim 20] Two reflecting mirrors, one piece, or two optical delay circuits containing an optical divider and 
one or more good deformation mirrors, And have a photosynthesis machine and ultrashort light pulse laser 
which carried out incidence is carried out by said optical divider for 2 minutes. It arranges so that the optical 
path length of each laser pulse divided when reflecting each with said reflecting mirror, compounding again 
with said photosynthesis vessel and considering as a laser beam may become equal. After adjusting the 
space intensity distribution in the location which each laser pulse condensed at said target by adjusting the 
reflector configuration of said good deformation mirror The laser pulse control unit characterized by 
infixing said optical delay circuit furthermore into the optical path of one side of the divided this laser beam, 
or both, and making it make the time of day when said each laser pulse reaches said photosynthesis machine 
produce a difference. 

[Claim 21] Furthermore, the laser pulse control unit according to claim 20 characterized by having the chirp 
pulse amplifying device which has a pulse stretcher, a laser amplifier, and a pulse compression machine into 
said optical path. 

[Claim 22] said pulse stretcher and said laser amplifier ~ between an ultrashort light pulse laser generator 
and said optical dividers - and the laser pulse control unit according to claim 21 characterized by having 
said pulse compression machine between said photosynthesis machines and said convergence optical 
system. 

[Claim 23] A laser pulse control unit given in either of claims 20-22 characterized by said optical divider 
and photosynthesis machine being a polarization beam splitter. 

[Claim 24] The laser pulse control unit according to claim 23 characterized by furthermore equipping the 
upstream of said optical divider with a plane-of-polarization rotation component. 

[Claim 25] A laser pulse control unit given in either of claims 20-22 characterized by said optical divider 
and photosynthesis machine being a half mirror. 

[Claim 26] The unit pulse control unit which becomes an optical divider or claims 20-25 from the laser 
pulse control unit of a publication Two formulas, And have a photosynthesis machine, and carry out 
ultrashort light pulse laser which carried out incidence by said optical divider for 2 minutes, and incidence 
of each is carried out to each of the unit pulse control unit of said two formulas. The laser pulse control unit 
characterized by obtaining the laser beam containing the pulse laser which is two pieces to which the space 
intensity distribution of a pulse and the time interval of pulses were adjusted, compounding this laser beam 
again with said photosynthesis vessel, and forming the laser beam containing four pulse lasers. 
[Claim 27] The X-ray generator characterized by irradiating the laser beam obtained by carrying out 
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incidence of the laser pulse which was equipped with an ultrashort light pulse laser generator, a laser pulse 
control unit given in either of claims 20-26, and convergence optical system, and was generated with this 
ultrashort light pulse laser generator in the X-ray generator which irradiates a laser beam at a target and is 
made to generate an X-ray to said laser pulse control unit by said convergence optical system at said target. 
[Claim 28] Two laser beams which are emitted from said laser pulse control unit in the X-ray generator 
according to claim 27 using a laser pulse control unit according to claim 25 or 26 and which intersected 
perpendicularly are X-ray generators characterized by making it condense at a target, respectively. 
[Claim 29] Said two laser beams are X-ray generators according to claim 28 characterized by making it 
condense at the same target. 

[Claim 30] Arrange the X-ray measuring device which measures the reinforcement of the X-ray furthermore 
generated, and it is based on the value of X dosage generated from a target. The intensity ratio of the energy 
density peak in the precedence pulse which reaches the point in the laser beam which reaches said target, 
and the consecutiveness pulse which arrives at behind, An X-ray generator given in a beam diameter or 
claims 27-29 which are characterized by controlling an X-ray yield by adjusting the configuration of said 
good deformation mirror, and the delay distance of an optical delay circuit by making time difference into a 
parameter. 

[Claim 31] It is the X-ray generator according to claim 30 which said precedence pulse has the configuration 
thinly extracted as the space intensity-distribution pattern in the location which the target condensed has a 
peak in a core, and is characterized by said consecutiveness pulse having the space intensity distribution of 
the ring form where a periphery is strong where a core is weak. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the X-ray generating approach and equipment which are 
made to generate the X-ray of specific wavelength especially using high power ultrashort light pulse laser 
about the X-ray generating approach and equipment which irradiate a laser beam at a target and are made to 
generate an X-ray. 
[0002] 

[Description of the Prior Art] If a high intensity laser beam is irradiated in a surface of metal, the X-ray of 
high brightness will occur from the plasma formed in a surface of metal. The X-ray of the very high 
brightness in comparatively low energy is obtained by using especially an ultrashort light pulse laser beam. 
An X-ray output is influenced by very many parameters, such as the quality of the material of a target, a 
configuration, wavelength of a laser beam, space intensity distribution, and a time amount wave, in the X- 
ray generator which irradiates ultrashort light pulse laser at a target, and obtained the X-ray. Moreover, it 
turns out that it is influenced also by the condition of the plasma generated on a target front face, or the 
polarization of a laser beam to irradiate. 

[0003] However, since the approach by adjustment of pulse separation etc. was used when using the 
synthetic reinforcement of a laser beam, i.e., the energy intensity as an integral value covering the whole 
wavelength, or a pulse laser, the conventional X-ray output control was difficult for controlling an X-ray 
output to a precision. In addition, in order to raise the light quality of laser, by performing the wave-front 
compensatory control of a laser output beam using a good deformation mirror etc., the flat wave front was 
formed and the concept of a control system that a diffraction marginal beam was made to generate existed 
also in the former. Moreover, although the focus of the condensing system of a laser beam is shifted and he 
is trying to adjust the energy intensity of a laser pulse X-ray conventionally, since the space intensity 
distribution of the laser itself were not able to be changed, optimal adjustment was not able to be carried out. 

[0004] For example, the pulse X-ray irradiation equipment which adjusted the reinforcement of the last 
pulse laser shot to JP,9- 184900, A so that the reinforcement of the generated X-ray might be measured and 
X-ray light exposure might be in agreement with the set point is indicated. Beam adjustment on the strength 
is performed by using the transmission adjustable filter prepared into the optical path, and the time 
difference of the actuation start signal of a Q switch, and the excitation start signal of a laser medium in Q 
switched laser equipment etc. Although the output of a pulse X line source swings for every shot, the 
amount of setting X-ray irradiation and the amount of addition X-ray irradiation can be made in agreement 
according to this equipment. 

[0005] Moreover, after a half mirror's dividing short pulse laser light into JP,8-213192,A and giving an 
optical-path-length difference to it in an optical delay circuit, the X-ray generator precedes with the main 
pulse laser light which has high peak power, and it was made to irradiate a small subpulse laser light of peak 
power is indicated by irradiating the same target front face. This equipment can generate the reserve plasma 
by subpulse laser light, can heat this reserve plasma with the main pulse laser light, and can modulate X 
dosage generated by controlling the time interval of both pulse laser light. 

[0006] However, when using an operation of an X-ray, the energy on the whole is not only made an issue of, 
but the absorption reaction of a chemical or a biological substance, manufacture of the integrated circuit 
which used the single wavelength X-ray, etc. serve as an interest with the serious X-ray operation in specific 
wavelength in many cases. However, the easy approach of controlling the reinforcement of the specific 
spectral line is not developed yet. In addition, although the method of controlling the time interval of the 

* 
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main pulse laser light and subpulse laser light, and adjusting X dosage is learned, the pulse laser from which 
reinforcement only differs must be used almost simultaneously, and the property of the X-ray which adjusts 
the space intensity distribution of a laser beam, a time amount wave, and a polarization condition, and is 
generated is not controlled to a precision. 
[0007] 

[Problem(s) to be Solved by the Invention] The technical problem which this invention tends to solve Then, 
the space intensity distribution of ultrashort light pulse laser, It is offering the laser pulse-control approach ' 
of having adjusted the time amount wave or the polarization condition, and equipment. Moreover, it is the 
approach and equipment which irradiate the laser beam of high intensity, such as ultrashort light pulse laser, 
at a target, and are made to generate an X-ray. It is offering the X-ray generating approach equipped with 
the device a pulse laser's being adjusted so that the reinforcement of an X-ray, especially the X-ray intensity 
of the specific wavelength to need may be controlled alternatively, and equipment 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the laser pulse- 
control approach of this invention In the laser pulse generating approach of emitting the laser beam which 
divided the ultrashort light pulse laser beam which carries out incidence, was run the respectively different 
optical path, compounded again, and was obtained While adjusting a good deformation mirror so that space 
intensity distribution may become a predetermined pattern for every pulse laser according to the shape of 
this adjustable mirror surface type in preparation for the inside of the optical path of one side or both, it is 
characterized by adjusting the optical path length in an optical path, and giving time difference to a 
precedence pulse laser and a consecutiveness pulse laser. Furthermore, it can consider as the pulse laser light 
which was equipped with the chirp pulse amplifier which has a pulse stretcher, a laser amplifier, and a pulse 
compression machine, and made peak value still higher. Moreover, it can consider as the ultrashort light 
pulse laser beam which specified the polarization condition by using a polarization beam splitter. In 
addition, a difference can be given to the reinforcement of the laser beam divided by adjusting the 
polarization property of an incidence laser beam when using a polarization beam splitter. 
[0009] According to the laser pulse-control approach of this invention, it can be made to generate as a pulse 
connected in the short time interval of a picosecond ps level from the femtosecond fs which carried out 
conversion of the ultrashort light pulse laser, and was set as arbitration. Furthermore, the space intensity 
distribution of each pulse can be adjusted separately. Moreover, it is also possible to specify the polarization 
condition of a pulse laser. A high intensity laser pulse can be irradiated at the matter, and processes, such as 
a nuclear reaction, a plasma reaction, a chemical reaction, and isotope separation, can be made to occur. 
According to such a process, electromagnetic waves, such as particle generation of composition of a 
chemical or an element, decomposition, separation, etc. an atom, a molecule, ion, an electron, positive 
electron, a neutron, a cluster, etc., etc., and an X-ray, a gamma ray, can be generated. As for the above- 
mentioned technique, the application to industrial fields, such as a semi-conductor, chemistry, energy, 
medicine, and a machine, fundamental researches, such as a particle accelerator, etc. is expected. 
[0010] Since according to the laser pulse-control approach of this invention it can adjust to arbitration to a 
polarization condition and the property of the X-ray to generate can be controlled to a precision if there are 
space intensity distribution of an ultrashort light pulse laser beam, a time amount wave, and need, it 
becomes possible to control the above-mentioned process suitably. Furthermore, the optical intensity ratio of 
P polarization and S polarization can be adjusted, and each can be made to act effectively. Moreover, since 
the space intensity distribution and irradiation time spacing of a laser beam in a target location can be 
suitably adjusted by irradiating at a target the ultrashort light pulse laser beam generated by the laser pulse- 
control approach of this invention, and generating an X-ray, the design of the above-mentioned process can 
be performed covering a detailed point. 

[001 1] Moreover, the X-ray generating approach of this invention apply to the X-ray generator which 
irradiate a laser beam at a target and be make to generate an X-ray in order to solve the above-mentioned 
technical problem measure the strength property of the X-ray to generate, and it be characterize by to adjust 
the wave-front condition of a laser beam so that X-ray intensity may become proper based on the 
measurement result of an X-ray-intensity property while it use as a predetermined pattern the space intensity 
distribution of the laser beam in the location which condensed at the target. Since generating of an X-ray is 
controlled by measuring the property of the generated X-ray and feeding back the measurement result to the 
space intensity-distribution pattern of a laser beam according to the X-ray generating approach of this 
invention, an X-ray with which the target property takes the optimal value can be generated efficiently. 
[0012] In addition, while carrying out the monitor of the wave-front condition of the laser beam in 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/15/2005 



JP,2003-270551,A [DETAILED DESCRIPTION] 



Page 3 of 1 2 



transmission optical system and checking the space intensity-distribution adjustment situation of a laser 
beam, it is desirable to adjust the parameter related to space intensity distribution suitably, and to rationalize 
an X-ray. Although there is no method of getting to know the space intensity distribution of the laser beam 
in a target location directly Branch a part of transmission beam by the beam splitter, and presume the space 
intensity distribution in a target location from the condensing pattern (far field pattern), or It is because an 
adjustment result can be presumed from the wave-front condition of a laser beam, and is because a result 
can be exactly grasped when the parameter which influences a space intensity-distribution pattern by getting 
to know the wave-front condition of a laser beam directly is adjusted. 

[0013] Moreover, a wavelength property is measured as a strength property of an X-ray, and you may 
enable it to adjust the wave-front condition of a laser beam based on the measurement value of the X-ray 
intensity in the specific wavelength made into the purpose. As for the X-ray to generate, it is desirable that 
many proper wavelength components decided by the purpose are made to be contained. If the wavelength 
property of an X-ray is measured, the X-ray intensity of the purpose wavelength is measured, and space 
intensity distribution can be adjusted so that this reinforcement may become large. In addition, the approach 
ot this invention can be applied also when pulse width generates an X-ray using ultrashort light pulse laser 
only with a femtosecond from a picosecond. Since the energy of very high reinforcement can be given 
although it is a short time if ultrashort light pulse laser is used, the target matter is plasma-ized efficiently 
and the efficient outbreak of an X-ray is possible. 

[0014] Here, as for the space intensity-distribution pattern of the laser beam in the location which condensed 
at the target, it is desirable to form in a ring [ with a weak core ] form with a strong periphery. Since the 
temperature distribution in a target location become trapezoidal shape and the area of an elevated- 
temperature part spreads by taking the intensity distribution of the shape of such a caldera, the property of 
the X-ray to generate is stabilized and a good X-ray can be obtained. Moreover, based on the intensity ratio 
ot the periphery of a ring form, and a core in a space intensity-distribution pattern, the wave-front condition 
ot a laser beam is controllable. Wave-front control units, such as a good deformation mirror and a liquid 
crystal device, can adjust the space intensity-distribution pattern of the laser in a target location and the 
intensity ratio of a periphery and a core can adjust the temperature of the plasma in the laser radiation 
location of a target. Since the above-mentioned plasma temperature affects greatly the reinforcement for 
every wavelength of the X-ray to generate, it can control the X-ray intensity in predetermined wavelength 
automatically by measuring the wavelength property of an X-ray and feeding back to a wave-front control 
device. 

technical problem, moreover, the X-ray generator of this 
invention Arrange the X-ray measuring device which measures the reinforcement of the X-ray to generate 
and the wave-front control unit of a laser beam is made to infix into laser beam transmission optical systein 
It is characterized by measuring the reinforcement of an X-ray with an X-ray measuring device and for a 
wave-front control device adjusting the wave-front condition of a laser beam based on the measurement 
result, and using as a predetermined pattern the space intensity distribution of the laser beam in the location 
which condensed at the target, and making X-ray intensity proper. Since the X-ray generator of this 
invention adjusts the wave-front condition of a laser beam so that the space intensity distribution in the 
target location for which it presumes and asks may become a predetermined pattern based on the result of 
having measured the property of an X-ray, it is controllable in the optimal condition that description of the 
X-ray to generate is desired. 

[0016] Furthermore, in the X-ray generator of this invention, it is desirable to arrange the wave-front 
measuring device which measures the wave-front condition of a laser beam into laser beam transmission 
optical system, to carry out the monitor of the wave-front condition of a laser beam, and to rationalize the 
laser beam wave-front adjustment approach of a wave-front control device. In addition, the laser beam to be 
used may be ultrashort light pulse laser. Furthermore, as for an X-ray measuring device, it is desirable to 
constitute so that a wave-front control unit may be adjusted based on the laser reinforcement in the specific 
wavelength which measures a wavelength property and was extracted from the measurement result By 
measuring the wavelength property of an X-ray, the X-ray of the specific wavelength required of an X-ray 
generator is alternatively controllable. 

[0017] In addition, a wave-front control device is equipped with a good deformation mirror, adjusts the 
irregularity of a reflector locally, and can control the wave-front condition of a laser beam. Moreover, the 
transparency mold optical element which can adjust a refractive index locally may be used for a wave-front 
control unit. In addition, it is desirable to form in a ring [ with a weak core ] form with a strong periphery 
the space intensity-distribution pattern of the laser beam in the location which condensed at the target. 
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Furthermore, a wave-front control unit can be controlled based on the intensity ratio of the periphery in the 
space intensity-distribution pattern of this ring form, and a core. 

[0018] Furthermore, in order that the laser pulse control unit of this invention may solve the above- 
mentioned technical problem, It has two reflecting mirrors, one piece or two optical delay circuits, and 
photosynthesis machine containing an optical divider and one or more good deformation mirrors, it arranges 
so that the optical path length of each laser pulse which divided the laser pulse which carried out incidence 
of an optical divider, a reflecting mirror, and the photosynthesis machine by the optical divider, and was 
divided when reflecting with a reflecting mirror, respectively, compounding with a photosynthesis vessel 
and considering as a laser beam may become equal. The same optical system as the so-called Mach-Zehnder 
interferometer is formed, and the space intensity distribution of each laser pulse are adjusted by adjusting 
the reflector configuration of the good deformation mirror further used as a reflecting mirror. After making 
it the space intensity distribution in the location which the laser beam condensed at the target become a 
predetermined pattern It is characterized by enabling it to make the time of day when each laser pulse 
reaches a photosynthesis machine by the optical delay circuit infixed into the optical path of one side of the 
laser beam furthermore divided, or both produce a difference. 

[0019] the laser pulse control unit of this invention dividing the laser pulse of the short ultrashort light pulse 
laser of oscillation time amount into two laser pulses, and adjusting a time delay about each laser pulse — 
two laser pulses -****- the laser beam located in a line with the short time interval can be created. And a 
good deformation mirror can adjust the space intensity distribution of two pulses independently, 
respectively. Therefore, it can offer the new ultrashort light pulse laser controlling method the space 
intensity distribution of two or more pulses which reach continuously at intervals of the super-short time of 
ps from fs are changeable into arbitration, respectively, and adjustment of a laser beam not only spreads, but 
can control now the laser reaction process of conventionally impossible various classes. 
[0020] In addition, an optical divider and a photosynthesis machine are constituted from a polarization beam 
splitter, and if a beam is divided and compounded using polarization of a laser beam, polarization of the 
laser which irradiates a target with time difference can be specified as one condition. Since the reaction to a 
laser beam may be governed by the polarization condition, the new means of reaction process control, such 
as adjusting the yield and wavelength of an X-ray, will be offered by choosing a polarization condition. 
Furthermore, since the intensity ratio of two laser beams distributed by the optical divider by letting an 
incidence laser beam pass for a plane-of-polarization rotation component can be adjusted, the intensity ratio 
of two pulses which irradiate a target with time difference is controllable. Moreover, the laser beam to 
which four ultrashort light pulses which have **** for 2 types and the space intensity distribution of 
arbitration were located in a line with juxtaposition in the above-mentioned laser pulse control unit can be 
obtained. 

[0021] Moreover, in order that the X-ray generator of this invention may solve the above-mentioned 
technical problem, it is equipped with an ultrashort light pulse laser generator, the laser pulse control unit 
concerning this invention, and convergence optical system, and is characterized by generating an X-ray by 
irradiating at a target the laser beam obtained by carrying out incidence of the ultrashort light pulse laser 
injected from an ultrashort light pulse laser generator to a laser pulse control unit by convergence optical 
system. 

[0022] the ultrashort light pulse laser with which the X-ray generator of this invention set up space intensity 
distribution mutually-independent - two pieces or four pieces, and ****-- since incidence is carried out to 
an X-ray target with a short time interval, the X-ray of conventionally impossible various classes can be 
generated. Moreover, since the reaction to a laser beam may be governed by the polarization condition, the 
property and yield of an X-ray can be adjusted by choosing the polarization condition for every laser pulse 
which irradiates a target. 
[0023] 

[Embodiment of the Invention] This invention is explained to a detail using an example below. 
[0024] 

[Example 1] By condensing the laser beam generated with a pulse laser generator on the surface of a target, 
generating the plasma, generating an X-ray from there, arranging a wave- front phase adjuster style and 
adjusting wave-front phase distribution of a laser beam suitably into the optical path of a laser beam, the X- 
ray generator of this example controls the space intensity distribution of the laser beam which condensed on 
the target front face, and obtains the target X-ray. The conceptual diagram showing the example of the 
wave-front mensuration which uses drawing 1 for the block diagram of the X-ray generator of this example, 
and uses drawing 2 for this example, the flow Fig. having shown a control flow [ in / in drawing 3 / the 
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equipment of this example ], drawing 4 , and drawing 5 are graphs which show the relation between the 
condensing intensity distribution of a laser beam, and the temperature distribution of a target. 
[0025] The X-ray generator of this example is what used the good deformation mirror as a wave-front phase 
adjustment device, and as shown in drawing 1 , it is equipped with the ultrashort light pulse laser generator 
1, the good deformation mirror 3, a reflecting mirror 4, a lens 6, the target 7 set in the vacuum housing 9, X- 
ray spectrometer 10, the wave-front sensor 12, a data processor 13, and a control unit 14. After carrying out 
wave-front phase distribution adjustment of the laser beam 2 generated with the ultrashort light pulse laser 
generator 1 in the good deformation mirror 3, the target 7 which supplied to the lens 6 with the reflecting 
mirror 4, and was set in the vacuum housing 9 is made to condense, and X-ray 8 is generated from the 
generated plasma. It is prepared in the vacuum housing 9 so that X-ray spectrometer 1 0 may not become an 
obstacle to X-ray use, and X-ray intensity wavelength distribution of generated X-ray 8 is measured. 
[0026] Since the good deformation mirror 3 used for this example is used in order to amend distortion of a 
laser wave front and to make a wave front into a flat surface, it can use what is called the defoamer bull 
mirror DM constituted so that the irregularity of a reflector could be adjusted locally. For example, there are 
some which were able to be located in a line with the flesh side of the reflecting mirror plate which gave 
reflective coating to the front face of a thin quartz plate in the shape of an array in the laminating piezo- 
electric element. This good deformation mirror can adjust the electrical potential difference applied to each 
piezo-electric element, and can be made to transform a mirror plane into arbitration using an electrostrictive 
effect. In addition, even if it uses the good deformation mirror of formats other than this, it cannot be 
overemphasized that it will not deviate from the meaning of this invention. 

[0027] Moreover, a reflecting mirror 4 has the property which penetrates a part of laser beam, and carries 
out incidence of the transmitted laser 1 1 to the wave-front sensor 12. The location of the image of the 
effective area formed behind a collimation lens can be made to be able to place and carry out image 
formation of the lens array which consists of many small lenses to the wave-front sensor 12, and the Shack- 
Hartmann mold wave-front sensor which asks for the inclination of the wave front in each location from a 
gap of the location of a spot image can be used for it. Of course, the wave-front sensor of other formats can 
also be used. 

[0028] In this example, it asks for a wave front by the wave-front sensor as shown in drawing 2 . This wave- 
front sensor equips with the partial reflection mirrors 2 1 and 22 two points left in the laser beam 
transmission line 20, carries out incidence of the reflected light to image sensors 25 and 26 through lens 
systems 23 and 24, and measures the space intensity distribution of a field perpendicular to a laser beam 
shaft to coincidence. Based on the intensity distribution within the flux of light measured with the image 
sensors 25 formed in the upstream, the initial phase of a laser beam is assumed among a laser beam 
transmission line, and the intensity distribution in the image sensors 26 of the downstream are calculated 
from the calculated value of the beam propagation by the diffraction theory of light. Wave-front distribution 
of a laser beam can be searched for by amending an initial phase so that this calculated value may be 
compared with the actual measurement of the intensity distribution acquired with the downstream image 
sensors 26 and a difference may be lost. 

[0029] The X-ray generator of this example controls X-ray generating by the procedure as roughly shown in 
drawing 3 . X-ray intensity wavelength distribution of X-ray 8 which X-ray spectrometer 1 0 generated is 
measured, and a measurement result is transmitted to a data processor 13 (SI). A data processor 13 
evaluates the X-ray spectrum corresponding to the purposes, such as reinforcement in predetermined 
wavelength, based on the measurement result of X-ray intensity distribution (S2). Furthermore, the amount 
which a control parameter should fluctuate based on an evaluation result is calculated. Supply an indication 
signal to a control device 14 (S3), and a control device 14 operates the actuator of the correspondence 
location of the good deformation mirror (defoamer bull mirror) 3, and controls a reflector configuration. The 
space intensity distribution in target 7 front face which (S4) and a laser beam condense are adjusted, and it is 
made for the intensity distribution of the X-ray emitted from the plasma generated on the front face of a 
target 7 to become a desirable pattern by adjusting the wave-front condition of a laser beam. 
[0030] Moreover, the wave-front sensor 12 measures the result of having adjusted the wave-front condition 
of a laser beam in the good deformation mirror 3, and the wave- front distribution measurement result of a 
laser beam is given to a data processor 13 (S5). Although it is desirable to measure directly the space 
intensity distribution of the laser beam in a condensing location, since it is in the high energy condition, 
there is no suitable measuring method in a condensing location. Then, when energy density measures a 
wave-front condition in a low location, the intensity distribution in a condensing location are presumed. By 
comparing the measurement result of an X-ray spectrum, and the wave-front measurement result of a laser 
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beam, a data processor 13 generates the indication signal over the control unit 14 in the above-mentioned 
procedure S3 using the result of having analyzed the optimum state of the space intensity-distribution 
pattern of the laser beam in the so-called near-field, in order to acquire a required X-ray property (S6). 
[0031] The laser plasma X-ray generator of this example can be adjusted so that the X-ray intensity in a 
certain specific wavelength required in order for the good deformation mirror 3 to adjust the wave-front 
phase distribution in the near-field of a laser beam and to optimize the space intensity distribution in a 
condensing location (for example, in order to use an X-ray) may become max. Drawing 4 and drawing 5 
illustrate the space intensity-distribution pattern of a laser beam and the relation of an operation to a 
condensing location, (a) shows the laser beam space intensity distribution in a condensing location, and both 
drawings show plasma temperature distribution with the density distribution of the plasma generated on a 
target front face as a continuous line, and a broken line, and show temperature distribution by (c) at (b) with 
the plasma density distribution after the time amount after laser pulse irradiation passes as a continuous line 
and a broken line. 

[0032] Drawing 4 is the case where the space intensity distribution of the laser beam in a condensing 
location are used as a ring type. The optical reinforcement of the laser beam 2 which carries out incidence to 
the good deformation mirror 3 is usually carrying out Gaussian distribution in the direction perpendicular to 
an optical axis. However, it can be made a ring type with the high intensity distribution [ when condensing 
at a target 7 with a lens 6 ] periphery section, and a low core by adjusting concavo-convex distribution of the 
front face of the good deformation mirror 3 ( drawing 4 (a)). If the intensity-distribution pattern of a ring 
type is formed in the front face of a target 7, since the plasma will occur only in the periphery section which 
shows the reinforcement beyond the threshold decided by the target quality of the material, a configuration, 
a laser property, etc. and the plasma will not occur in a center section, ring-like distribution [ plasma ] will ' 
generate. At this time, the temperature in the plasma generating section presents distribution of a well mold 
which has the center section where a little plasma part has the elevated-temperature section which began to 
leak outside, and temperature became high a little in response to laser energy ( drawing 4 (b)). 
[0033] Furthermore, although the plasma will be equalized and breadth and temperature distribution will 
also spread on the outskirts corresponding to the breadth of the plasma if the exposure of a laser beam is 
ended and time amount passes, the sufficiently large flat elevated-temperature section can be made to form 
in the center ( drawing 4 (c)). Since the wavelength spectrum of an X-ray is greatly influenced by plasma 
temperature, it is effective to have the isothermal section with large temperature distribution, when acquiring 
an X-ray with an equal property efficiently. Moreover, also when observing the X-ray in predetermined 
wavelength, the reinforcement can be controlled by adjusting plasma temperature. 

[0034] Drawing 5 is a drawing explaining the case where the cylindrical distribution which hits when the 
reinforcement of a center section becomes the same as the periphery section in ring type distribution is 
taken. When the laser beam space intensity distribution in a condensing location are cylindrical, (a) and the 
plasma density distribution at the time of laser radiation become cylinder-like, and plasma temperature also 
becomes cylinder-like (b). After an exposure, if suitable time amount progress is carried out, the plasma will 
be expanded to a periphery and plasma temperature will become the truncated-cone form where a center 
section is high (c). A temperature level becomes high instead of [ with the maximum-temperature field 
narrower than the case of ring-like distribution at this time ]. 

[0035] Shape parameters, such as a diameter of inside and outside of a ring, height of the periphery section 
and a center section, etc. which are a laser beam space intensity-distribution pattern in a condensing 
location, can adjust a plasma yield and temperature distribution. Even if the energy of a laser beam is the 
same, if a plasma yield will become large if the field which has the reinforcement beyond a plasma 
generating threshold in laser beam space intensity distribution is large, the difference of the periphery 
section and a center section on the strength becomes small and the reinforcement of a center section 
becomes strong, the peak value of plasma temperature will become high. Moreover, generally, in order to 
generate the X-ray of short wavelength, the plasma must be an elevated temperature, but since the X-ray of 
long wavelength can be generated from the low-temperature plasma, the target X-ray can be maximum-ized 
by adjusting laser beam space intensity distribution. 

[0036] Then, control of an X-ray on the strength made into the purpose is performed by measuring the 
generated X-ray with X-ray spectrometer 1 0, and making it correspond with the space intensity distribution 
of a laser beam. In addition, the condition that the good deformation mirror 3 adjusted can be checked by the 
wave-front sensor 1 2 as mentioned above. A wave-front distribution measurement result is used in order to 
analyze the relevance of X-ray intensity and laser wave-front phase distribution, and the optimal laser space 
intensity-distribution condition is presumed, or it is considered as the assistance for controlling the surface 
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irregularity part blanket-like voice of the good deformation mirror 3 exactly. 

[0037] Moreover, the X-ray intensity in the target wavelength can be detected from the output of X-ray 
spectrometer 10, and the space intensity distribution in the condensing location of a laser beam can be 
automatically adjusted so that this may be made into an optimum value. The height deflection of the 
periphery section of ring-like space intensity distribution and a center section is one of those which show 
predetermined X-ray intensity and strong correlation. This height deflection can be used for automatic 
control as a handling function. In addition, since the bore and outer diameter of the periphery section also 
affect X-ray intensity, when conditions change, these can be adjusted as a parameter. 

[0038] Furthermore, it is also possible to enable it to reach the optimum value of space intensity distribution 
automatically by using the control system which scans the intensity ratio of the periphery section and a core 
sequentially as a parameter. In addition, even if the quality of the material, configuration, or surface 
treatment condition of a target is different, the X-ray generator of this example can optimize the space 
intensity distribution of a laser condensing beam in the same procedure, and can perform adjustment of the 
target X-ray on the strength. Moreover, although ultrashort light pulse laser was used in this example, when 
using other laser beams, it cannot be overemphasized that the completely same device is applicable 
[0039] 

[Example 2] Drawing 6 is the conceptual diagram showing the configuration of the 2nd example of this 
invention. Since only the places which used transparency mold wave-front amendment optical system for 
the wave-front phase adjustment device as compared with the 1st example only differ, this example uses the 
reference number used for drawing 1 about the component for which a function is common, and simplifies 
explanation. While penetrating the transmitted light study component 30, the laser beam generated with the 
ultrashort light pulse laser generator 1 carries out conversion of the intensity distribution of a laser beam, or 
the phase distribution by a local refractive-index change or permeability change, and it carries out incidence 
to a reflecting mirror 4, and it irradiates the front face of a target 7 with a lens 6, and generates the plasma. 
[0040] According to the control signal supplied from a control unit 14, the refractive index or permeability 
in liquid crystal is changed using the transmitted light study component 30 formed with liquid crystal, wave- 
front distribution of transparency laser is adjusted, and the space intensity distribution of the laser beam 
when condensing at a target 7 are controlled by this example. Although the reinforcement of the condensed 
laser beam is very high, since laser energy density still is not large all over the laser beam transmission line 
before being completed by the laser beam, a liquid crystal device can be inserted. The local control of 
permeability is easy for a liquid crystal device etc., and since the control technique is also established, it can 
constitute an economical and positive wave-front phase adjustment device. In addition, a transmitted light 
study component can use various kinds of optical elements besides liquid crystal that what is necessary is 
just that to which permeability or a refractive index can be changed. 
[0041] 

[Example 3] The laser pulse control unit of the 3rd example of this invention Although it is what utilized the 
optical system which has the same configuration as the so-called Mach-Zehnder interferometer and is the 
laser pulse generator which emits the laser beam which divided the ultrashort light pulse laser beam which 
carries out incidence, was run the respectively different optical path, compounded again, and was obtained 
While using an optical delay circuit, adjusting the optical path length in the optical path of the laser beam 
furthermore divided and giving time difference to a precedence pulse laser and a consecutiveness pulse 
laser, it is equipment which enabled it to adjust space intensity distribution for every pulse laser, using a 
good deformation mirror as a reflecting mirror. 

[0042] The block diagram showing the configuration of the whole laser generator with which drawing 7 
used the block diagram of the laser pulse control unit of this example, and drawing 8 used the laser pulse 
control unit of this example, The block diagram showing [ 9 ] another mode of the laser pulse control unit of 
this example, The block diagram showing mode with still more nearly another drawing 10 , the block 
diagram with which drawing 1 1 explains the directions of the output of this example equipment, The 
conceptual diagram and drawing 1 3 explaining the example of a configuration of the output pulse from 
which drawing 12 is obtained with the equipment of this example are a drawing explaining the operation 
when irradiating the output pulse of drawing 12 at an X-ray target. 

[0043] To be shown in drawing 7 , the laser pulse control unit 40 of this example consists of reflecting 
mirrors 42 and 43 of 41 or 2 optical dividers, a photosynthesis machine 44, and an optical delay circuit 45 
and ORC 46, and controls the space intensity distribution of a pulse laser and the time amount wave which 
are emitted from the pulse laser generator 47. With the photosynthesis vessel 44 which is divided into two 
laser beams by the optical divider 41 formed by the beam splitter BS, reflects with reflecting mirrors 42 and 
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43, respectively, and is formed by the beam splitter BS, the pulse laser which carries out incidence to the 
laser pulse control device 40 is unified again, and is emitted as a laser beam. 

[0044] The optical delay circuits 45 and 46 arrange the reflecting mirror of four sheets to a serial, as shown 
in drawing 7 , the distance between reflecting mirrors adjusts the optical path length, it is infixed into the 
optical path of each divided pulse laser, and the pulse laser divided by adjusting the optical path length 
makes the time of day which reaches the photosynthesis machine 44 produce few differences. The laser 
pulse control unit 40 of this example has the description at the place which uses a good deformation mirror 
for reflecting mirrors 42 and 43. A good deformation mirror is a reflecting mirror which can adjust the shape 
of surface type locally by an electrostriction component etc., and can adjust the space intensity distribution 
of the flux of light reflected by changing the reflective direction by partial **** of incoming beams. In 
addition, as for the adjustment in a good deformation mirror, it is desirable to carry out based on the space 
intensity distribution in the location on which a laser beam is made to act. 

[0045] When ultrashort light pulse laser carried out incidence, after it was divided into two pulse lasers by 
the optical divider 41 and space intensity distribution are separately adjusted by the good deformation 
mirrors 42 and 43, respectively, incidence of the laser pulse control unit 40 of this example is carried out to 
the photosynthesis machine 44, and it becomes one laser beam again and is injected. Since the optical path 
lengths differ, a difference produces the divided pulse laser at the time of day which reaches the 
photosynthesis machine 44, and the laser beam compounded by one piece comes to be included in the form 
which gets two pulses mixed up slightly. Moreover, two pulses which get mixed up have different space 
intensity distribution, respectively. 

[0046] Delicate adjustment is not only attained, but it can change the optical delay circuits 45 and 46 into 
two optical paths by equipping, respectively to the context of the division pulse laser which passes two 
optical paths. However, what is necessary is to insert an optical delay circuit only in one optical path, when 
what is necessary is just to give a transit-time difference to two division pulse lasers. The good deformation 
mirror DM may be applied only to one side of two reflecting mirrors 42 and 43. 
[0047] The laser pulse control device 40 of this example is applicable to ultrashort light pulse laser 
equipment equipped with the chirp pulse multiplication mechanism. A chirp pulse multiplication mechanism 
consists of a pulse stretcher, a laser amplifier, and a pulse compression machine. 

[0048] moreover, a long wave - if the amount of Naganari supplies between the diffraction gratings by 
which a part for short wave Naganari is arranged in front in parallel in a broad pulse which is distributed 
back the relation of angle of reflection ~ a long wave - since the inside of the optical path for short wave 
Naganari becomes [ the optical path length for Naganari ] long short, width of face becomes narrow and the 
degree of concentration of the pulse emitted from a diffraction grating of energy improves. Such a 
diffraction-grating pair functions as a pulse compression machine. A chirp pulse multiplication mechanism 
lets ultrashort light pulse laser pass to the pulse stretcher which consists of optical fibers, extends pulse 
width, increases reinforcement through this to a laser amplifier, compresses pulse width through the pulse 
compression machine which consists of diffraction-grating pairs further, and is taken as the pulse laser of 
high intensity. 

[0049] the output of a laser oscillation machine being boiled to some extent, stopping it, lengthening and 
extending through the output pulse to a pulse stretcher, amplifying the pulse which stopped peak power with 
a laser amplifier, operating orthopedically with a pulse compression vessel, and considering as the pulse 
laser of high peak power, when it is going to acquire the pulse of big energy by ultrashort light pulse laser, 
since a limitation is in the capacity of a laser oscillation machine is performed. Such a laser generator is 
realizable as equipment with compact extent which appears in an optical table. By arranging the laser pulse 
control unit 40 in the output location of such a laser generator, a laser generator which obtains the ultrashort 
light pulse laser which placed the time interval of arbitration and put in order two peak pulses from which 
space intensity distribution differ can be constituted in a compact simply and as a whole. 
[0050] However, since a laser pulse control unit will be arranged in the output section of a pulse 
compression machine and laser reinforcement becomes very strong, the above-mentioned configuration has 
a possibility of doing serious damage for the configuration component which laser penetrates. Then, as 
shown in drawingjj , after preparing the shape of a pulse form with the laser pulse control unit 40 in the 
place which let the pulse laser emitted from the ultrashort light pulse laser oscillation machine 5 1 pass to a 
pulse stretcher 52 and pulse amplifier 53, it is desirable to contract pulse width by the pulse compression 
machine 54, and to make it make it emit with it. With such arrangement, risk of damaging the component 
which laser beams, such as a beam splitter in the laser pulse control device 40, penetrate falls, and it is 
effective in the life of equipment being extended. 
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[0051] By using the laser pulse control unit of this example, the ultrashort light pulse laser which arrives 
continuously with the time interval of ps level from fs can be specified not only to a time amount wave but 
to space intensity distribution, and can be generated now. Since especially the change rate in the elementary 
process of a chemical reaction process or a plasma.process is set to ps from fs, the laser pulse control unit of 
this example can be used in order to control these processes to a precision. 

[0052] Drawing 9 is a drawing explaining another mode of the laser pulse control unit of this example. The 
laser pulse control device 60 of this mode uses polarization beam splitter PBS for the optical divider 61 and 
the photosynthesis machine 64. Moreover, the plane-of-polarization rotation component 65 may be inserted 
in the upstream of the optical divider 61 if needed. Other configurations are the same as what was explained 
about drawing 7 . The pulse laser which carries out incidence is divided into P polarization component and S 
polarization component by the optical divider 61, and it compounds with the photosynthesis vessel 64 
through each at one laser beam to a separate optical path. 

[0053] The optical divider 61 and the photosynthesis machine 64 use the polarization beam splitter of the 
same property. For example, polarization beam splitter PBS shall penetrate P polarization component, and 
shall reflect S polarization component. Then, the pulse laser which carried out incidence is divided into P 
polarization component which penetrates the optical divider 61, and S polarization component to reflect, 
reflect with the 1st reflecting mirror 42 which consisted of the 1st optical delay circuit 45 in the good 
deformation mirror DM in response to adjustment of the optical path length, and P polarization component 
has space intensity distribution adjusted, and incidence of it is carried out to the photosynthesis machine 64, 
and it is penetrated. Moreover, it reflects with the 2nd reflecting mirror 43, and S polarization component 
reflected by the optical divider 61 has space intensity distribution adjusted, and is reflected with the 
photosynthesis vessel 64 in response to adjustment of the optical path length in the 2nd optical delay circuit 
46. 

[0054] Each optical element is arranged so that it may be injected on the optical path with completely same 
P polarization component and S polarization component in the photosynthesis machine 64. Therefore, S 
polarization pulse to which the laser beam emitted from the laser pulse control unit 60 has the space 
intensity distribution of arbitration, and S polarization are the ultrashort light pulse laser which P 
polarization pulse which has the space intensity distribution of the independent arbitration got mixed up 
with the time interval of arbitration, and was located in a line. In addition, since polarization beam splitter 
PBS has the function to penetrate all polarization components of one of the two among P polarization which 
intersects perpendicularly mutually, and S polarization, and to reflect all the polarization components of 
another side, when re-compounding two polarization to one laser beam with the photosynthesis vessel 64, 
loss does not produce it. 

[0055] Thus, according to the laser pulse control unit of this mode, ultrashort light pulse laser with two 
pulses which specified suitably space intensity distribution, the time amount wave, and the polarization 
condition can be obtained. In addition, energy allocation of the pulse in the ultrashort light pulse laser beam 
by which outgoing radiation is carried out from a pulse control device is controllable by arranging the plane- 
of-polarization rotation components 65, such as a Faraday cell, in the laser beam incidence location in the 
laser pulse control device 60 of this mode, carrying out incidence of the laser beam which has polarization 
distribution, such as the linearly polarized light and elliptically polarized light, changing the polarization 
condition of an incidence laser beam, and adjusting the ratio of P polarization and S polarization. 
[0056] For example, it is observed that the rates of energy-absorbing of the plasma differ in P polarization 
and S polarization. Thus, it is expected by the reaction process which occurs with ultrashort light pulse laser 
changing with polarization conditions, and doing still more detailed research using the laser pulse control 
unit of this mode that the polarization allocation which optimizes a laser radiation product and process 
conditions can be checked. In addition, instead of using the plane-of-polarization rotation component 65 all 
over an incident light way, the Brewster aperture can be arranged in the oscillator of a laser generator, and 
energy allocation of the pulse in an outgoing radiation laser beam can also be controlled by adjusting the 
polarization condition of the laser beam rotated and generated in the circumference of an optical axis. 
[0057] Drawing 10 is a drawing explaining still more nearly another mode of the laser pulse control unit of 
this example. The semitransparent mirror or half mirror HM which penetrates the one half of incident light 
in the optical divider 71 and the photosynthesis vessel 74, and reflects one half is used for the laser pulse 
control unit 70 of this mode. Other configurations are the same as what was explained about drawing 7 . The 
one half rate of the pulse laser which carries out incidence is carried out by the optical divider 71, and it 
compounds with the photosynthesis vessel 74 through each to a separate optical path. With the 
photosynthesis vessel 74, since the one half rate of the laser pulse which carries out incidence is carried out, 
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respectively and it is made to reflect and penetrate from a 2-way, two laser beams which intersect 
perpendicularly will be emitted from the laser pulse control unit 70. 

[0058] In each laser beam, two ultrashort light pulses are contained in the same condition, and as shown in 
drawing 1 1 , the ultrashort light pulse laser which has a pulse train by two use systems 77 and 78 at once can 
be used. In addition, output laser can also be concentrated and used for one object using a reflecting mirror 
For example, when concentrating two pulse lasers to an X-ray target, energy can be concentrated and a more 
powerful X-ray can be obtained. When condensing for one object, by adjusting the optical path length from 
the photosynthesis machine 74 to an object, the arrival time of a pulse laser is adjusted, four pulses become 
a train substantially, and incidence can be carried out. Moreover, the include angle of a reflecting mirror can 
also adjust whenever [ to an object / incident angle ]. 

[0059] With the laser generator which used the laser pulse control unit of each above-mentioned mode two 
pieces or the pulse laser light located in a line four pieces can be obtained now at intervals of the period 
when the ultrashort light pulse laser with which space intensity distributions differ, respectively is very 
short. Moreover, it also became possible to obtain the pulse laser light which consists of a train of the 
ultrashort light pulse of P polarization and S polarization. In this way , the generated ultrashort light pulse 
laser beam can control various processes , such as separation of generation of particles , such as generating 
ot electromagnetic waves , such as an X-ray and a gamma ray , or an atom , a molecule , ion , an electron 
positive electron , a neutron , and a cluster , or composition and decomposition of a chemical or an element 
an isotope , etc. , by irradiate the various ingredients which have gestalten , such as a gas , a liquid a solid- ' 
state , and plasma . 

[0060] When the optimum state of the target process expresses with the specific curve in phase space if 
only the number of the multipliers which specify the curve has a control variable, it can control by control of 
such various processes. And a process can be led to the condition near an optimum curve so easily that there 
are many control variables. The equipment of this example is effective in increasing such a control variable 
[0061] The example of the shape of a space form of the ultrashort light pulse laser beam which can be 
generated now with the laser generator which used the laser pulse control unit of this example was displayed 
on drawing 12 . Although such an ultrashort light pulse group cannot be manufactured with the conventional 
technique, it is easily acquirable with the equipment of this example. It adjusts so that the optical path length 
of two optical paths may get a 1 5-micrometer difference by the optical delay circuit, the good deformation 
mirror formed in the optical path with the still shorter optical path length is adjusted, it is made for pulse 
lasers to gather for the surroundings of an optical axis, the good deformation mirror formed in the optical 
path with the longer optical path length is adjusted, and it is made for a pulse laser to condense in the shape 
ot a circular ring in a laser pulse control unit. 

[0062] Thus, the condition that two ultrashort light pulses of pulse width 20fs when incidence of the 
ultrashort light pulse laser with a width of face of 6 micrometers is substantially carried out to the adjusted 
laser pulse adjusting device, as shown in it at drawing 1 2 have located in a line and spread by the time 
difference of 50fs(es) appears. In addition, the shape of a pulse form shows what should be formed near the 
focus through condensing optical system. The width of face of a pulse is 6 micrometers, and the distance at 
the tips of a pulse is set to 15 micrometers. The precedence pulse is condensed with a diameter of 10 
micrometers in the shape of a cylinder, and the consecutiveness pulse has the ring form with an outer 
diameter of 40 micrometers where it has a hole with a diameter of 20 micrometers. 

[0063] Thus, generating the ultrashort light pulse laser operated orthopedically was that a thought does not 
come together depending on the conventional approach, either. In addition, such space intensity distribution 
and a time interval can be adjusted to arbitration independently of mutual. Moreover, as drawing 9 
explained, polarization of the ultrashort light pulse which arrives almost simultaneously can be specified 
using a polarization beam splitter, respectively. Since an operation of ultrashort light pulse laser, such as an 
absorpti vity of the plasma, may change with polarization, it is effective in making the degree of freedom of 
control increase by choosing polarization. 

[0064] If an ultrashort light pulse laser train as shown in drawing 12 is irradiated at an X-ray target, the 
uniform temperature field which was suitable for X-ray generating over the larger field by the mechanism as 
shown in drawing 1 3 can be made, (a) of drawing 1 3 shows notionally intensity distribution when a 
precedence light pulse reaches a target. It is concentrating around an optical axis and the energy of a 
precedence pulse generates the plasma from a target front face. A condition when a circular ring-like 
consecutiveness light pulse reaches is shown notionally, the plasma from which the interior generated by the 
precedence light pulse around the optical axis became an elevated temperature exists, and the 
consecutiveness light pulse is irradiating drawing 1 3 (b) so that the perimeter may be surrounded. The space 
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intensity distribution of a consecutiveness light pulse have the ring form where a core is weak and where a 
periphery is strong, in the condensing location. 

[0065] Drawing 1 3 (c) is a drawing in which the condition after an ultrashort light pulse disappears is shown 
notionally. If a consecutiveness light pulse is irradiated at the place where the plasma which the precedence 
light pulse generated spread suitably and the plasma is made to generate, since a consecutiveness light pulse 
will generate the plasma more efficiently than a precedence light pulse, if the intensity distribution and the 
arrival time interval of a pulse are chosen suitably, each plasma can develop, and it can be mixed mutually, 
and can migrate to a larger field, and a more uniform temperature field can be made. Therefore, by doubling 
plasma temperature with the generating conditions of the target X-ray, a property is stabilized, it can depend 
and a lot of X-rays can be generated. In this way, the ultrashort light pulse laser beam obtained is applicable 
to various kinds of laser processes, such as X-ray generating, particle generating, and a chemical reaction. 
[0066] 

[Example 4] The laser pulse control unit of the 4th example of this invention is equipment which uses two 
or more laser pulse control units of the 3rd example, and adjusted the combination of a pulse train. The 
block diagram in which drawing 14 shows the 1st mode of this example, and drawing 1 5 R> 5 are the block 
diagrams showing the 2nd mode of this example. 

[0067] this example shown in drawing 14 - a laser pulse control unit [ like ] obtains the laser beam which 
the ultrashort light pulse of four **** for 2 types followed in the laser pulse control unit using the 
semitransparent mirror HM which was explained by drawing 1 0 the 1st voice. This equipment carries out 
the laser beam emitted from the pulse laser generator 81 for 2 minutes by the optical divider 82 which 
consists of a semitransparent mirror HM, and injects it in the photosynthesis vessel 85 which becomes the 
1st unit laser pulse control unit 83 from a semitransparent mirror HM about an output through one side. 
Moreover, incidence of another side of the divided laser beam is carried out to the photosynthesis machine 
85 through the 2nd unit laser pulse control unit 84. 

[0068] The unit laser pulse control units 83 and 84 attach merits and demerits to the optical path length, 
adjust time of concentration, and inject it outside while they are divided into two laser beams with a 
semitransparent mirror HM and adjust each space intensity distribution, as drawing 10 explained. Since the 
laser beam emitted from the unit laser pulse control units 83 and 84 has two ultrashort light pulses, 
respectively, if the optical path length is adjusted suitably, the laser beam compounded with the 
photosynthesis vessel 85 becomes that with which four ultrashort light pulses were located in a line along 
with the time-axis, and the space intensity distribution and time-of-concentration spacing of each ultrashort 
light pulse can be adjusted to arbitration. 

[0069] In addition, since each laser beam has the component which penetrates the photosynthesis machine 
85, and the component to reflect, from the laser pulse control unit of this mode, two laser beams which 
intersect perpendicularly mutually are emitted. Two laser beams may be irradiated and used for a different 
object, respectively, and you may make it irradiate one object using a reflecting mirror. 
[0070] this example shown in drawing 1 5 - the 2nd voice, a laser pulse control unit [ like ] is replaced with 
the unit laser pulse control unit which used the semitransparent mirror HM, and the laser pulse control unit 
using the polarization beam splitter PBS which was explained by drawing 9 is used for it. This equipment 
carries out the laser beam emitted from the pulse laser generator 81 by the optical divider 82 for 2 minutes, 
lets [ one side ] the 2nd unit laser pulse control unit 87 pass for through another side to the 1 st unit laser 
pulse control unit 86, carries out incidence of each output laser beam to the photosynthesis machine 85, is 
compounded, and is outputted as two super-**** laser pulses. 

[0071] The unit laser pulse control devices 86 and 87 attach merits and demerits to the optical path length, 
adjust time of concentration, and inject it outside while they make two laser beams generate and adjust each 
space intensity distribution by dividing a polarization component by the polarization beam splitter PBS, as 
drawing 1 0 explained. The laser beam emitted from the unit laser pulse control units 86 and 87 becomes that 
with which the ultrashort light pulse laser PI and P2 which has P polarization, and the ultrashort light pulse 
laser SI and S2 which has S polarization vacated the suitable time interval, and was connected. Therefore, 
from the laser pulse control unit of this mode, the two same laser beams with which four ultrashort light 
pulses which have the polarization which is one side, respectively were located in a line in order of 
arbitration with suitable spacing will be emitted in the direction which intersects perpendicularly mutually 
[0072] 

[Effect of the Invention] Since it makes it possible to abundance-ize an actuation element and to control a 
laser reaction process to altitude more, since the space intensity distribution of ultrashort light pulse laser, a 
time amount wave, or a polarization condition can be adjusted by using the laser pulse-control approach and 
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equipment of this invention, application of the ultrashort light pulse laser in various industries is promoted. 
Moreover, if the X-ray generator or the X-ray generating approach of this invention is used, when 
generating the plasma with laser and making an X-ray emit, adjustment of an X-ray on the strength can be 
carried out, and the reinforcement of the X-ray of specific wavelength can be adjusted especially 
alternatively. 
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